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Overview

 Air Force Weather Capability Development & 

Organizational Structure

 Air Force Weather Analysis & Prediction 

Requirements

 Cloud Analysis & Forecasting

 Land Surface Characterization

 Data Assimilation Focus Areas

 Data Assimilation Objectives
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AFW Capability Development  

and Organizational Structure 
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Air Combat Command

 Lead Command for Weather

Validates Capability Gaps

Provides:

Planning 

Programming 

Budgeting

557th Weather Wing

• Implements/Operates 

Technical Solutions

• Identifies Capability 

Gaps Affecting their 

Support to 

Airmen/Soldiers

AF Life Cycle Management Center

• Engineers Technical Solutions 

to address Capability Gaps

• Develops

• Acquires

• Sustains

All AF/Army Commands

• Identify Capability 

Gaps Affecting their 

Missions

Headquarters Air Force/Weather

• Provide advocacy & strategic vision

• Interagency/International agreements
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(1 x 1 km or better grid spacing)

• Spatial resolution:  Horizontal: 1 x 1 km, Vertical: 100m (SFC 5000’) 1km above

• Temporal resolution:  1hr steps for 0-24hrs, 3hr steps for 12-72hrs, 6hr steps for 72-240hrs

• Quantify aerosol/cloud “amount” on 1km grid for each layer of model

• Predict slant path (visible/IR) detection by integrating layered cloud/aerosol forecasts

• For visual acquisition, output defaults clear line of sight that accounts for aerosols as well as clouds.

• For IR acquisition, output chemical constituent dependencies per sensor type, target temp,

background temp, etc. in addition to slant path clouds, aerosols.

DUST

Layers

of 

Model

Modeled Clouds

Modeled Aerosols

AFW Requirements
High Fidelity Clouds & Aerosols are the Driving Requirements

Modeled Chemical

Constituents
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Global Cloud Analysis 

& Forecasts
 Clouds are a primary analysis and forecast focus for USAF due 

to impacts on:

 Intelligence, Surveillance, and Reconnaissance Operations

 Aviation Flight Operations

 Sensible Weather 

 Analysis currently addressed with World-Wide Merged Cloud 

Analysis (WWMCA)

 Hourly Analysis stitching together visible and IR 

measurements from multiple satellites

 Forecast currently addressed with:

 Advect Cloud (ADVCLD) – short-term (0-12 hrs) advective

technique using WWMCA

 Discriminative Cloud Forecast (DCF) – longer term (to 120 

hrs) regression-based technique
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World-Wide Merged Cloud Analysis

& Cloud Diagnostic Forecast System
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Cloud Forecast Models
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Global Cloud Analysis 

& Forecasts: Goals
 Near-term goal is to maintain legacy capability with some 

incremental improvements (e.g. additional IR channels) and 

NWP-based short-term cloud forecast prototype verification

 Long-term goal is to integrate cloud analysis and forecasting 

into the NWP data assimilation prediction process to result in:

 Enhanced 3-D depiction of clouds

 Cloud data consistent with other meteorological variables

 Enhanced sensible weather forecasts

 High Resolution/Rapid Refresh

 Research Issues:

 Assimilation of clouds into NWP

 Ensure dynamic consistency with assimilated clouds

 Sufficient cloud microphysics within models

 Validation Data  
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Global Land Surface 

Characterization
 Important due to impact on:

 Numerical Weather Prediction

 Ground forces operations/Trafficability

 Sensible weather prediction

 Crop assessments

 Current capability

 NASA Land Information System (LIS)

 Noah, Noah-MP, and JULES LSMs

 Goals

 Increased Data Assimilation Sources

 Higher resolution

 Higher accuracy

 Model Coupling/Unified Data Assimilation
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Remote sensing data 

(ASCAT soil moisture), 

SMAP radiances), 

Screen level obs (T2, RH), 

VIIRS snow cover, SSM/I 

snow, surface snow obs, VIIRS 

Land surface temperature

Data Assimilation  

(EnKF, DI, EKF)

LIS - DA

Soil Moisture

Evaporation

Sensible Heat

Runoff

Snow

...

LIS - Outputs

DA preprocessing, Obs 

thinning, QC, denoising

LDT

Land Surface 

Models (Noah, 

Noah-MP, JULES)

LIS - LSM

CDFSII cloud analysis 

to derive surface 

radiation analysis

Surface obs, 

GEOPRECIP, SSM/I 

merged to derive 

precipitation analysis

GALWEM first guess combined with 

obs of T, u, v, RH to derive shelter 

analysis

Meteorological  

analysis and inputs 

M ult iscale evaluat ion of the improvements in surface snow simulat ion!

Sujay V. Kumara,b, Christa D. Peters-Lidardb,!

D avid M ockoa,b,c,Yudong Tiand,b!

aScience Applicat ions I nternat ional Corporat ion, M cLean, VA. !
bH ydrological  Sciences Branch, N ASA  Goddard Space Flight  Cent er, Greenbelt , M D.!
cGlobal M odeling and Assimilat ion O ffice, N ASA Goddard Space Flight  Cent er, Greenbelt , M D. !
dEarth System Science I nterdisciplinar y Cent er, University of M aryland, Col lege Park, M D.!

27th Conference on H ydrology, 93nd American M eteorological Society Annual M eet ing, Januar y 6-10, 2013, Aust in, T X . !

The downwelling shortwave radiat ion on the Ear th’s land surface is affected 

by the t errain charact erist ics of slope and aspect . These adjustments in tur n 

impact  the evolut ion of snow over such t errain. I n this study, we evaluate the 

impact  of t errain-based adjustments t o incident  shor twave radiat ion on snow 

simulat ions over two mid-lat itude regions.!

!
T he influence of terrain aspect  for 

radiat ion adjustment  is most  impor tant  in 

the mid-lat itudes. At  the equitorial  

regions, al l slopes receive the same 

amount  of radiat ion, as the sun is nearl y 

overhead throughout  the seasons. Over 

the high lat itudes, the sun is t oo low on 

the horizon during the wint er to provide 

enough radiat ion, whereas during the 

summer and spring al l slopes receive 

radiat ion of similar int ensity when 

summed through the long solar days. !

!

!
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I n the nor thern hemisphere, the N orth facing 

slopes receive less radiat ion f rom the sun 

during wint er relat ive t o the South-facing 

slopes. T hese effects are reversed in the 

Southern hemisphere with the South -facing 

slopes receiving less radiat ion than the N orth-

facing slopes. !

!

T he east-facing slopes receive radiat ion f rom 

the sun in the mor ning when the air 

temperatures are colder while the west-facing 

slopes receive sun in the afternoon when the 

air temperatures are warmer . T hese t errain 

effects subsequent l y influence the evolut ion of 

snow over these slopes. !

 !

!

T he downward incident  shor twave radiat ion is fi rst  separat ed into direct  and di ffuse 

components. T he slope-aspect  correct ion is then applied t o correct  the direct  component . 

T he di ffuse component  has no direct ional dependence and no adjustments are made t o it . !

!

T he corrected direct  shor twave flux is computed as: !

!

!

!

where     is the slope of the surfac e,     is the solar zenith angle,        is the relat ive a spect  

defined as the di fference                     between the aspect  of the surface      relat ive t o the 

north and solar aspect         relat ive t o the nor th. T he solar aspect          is calculat ed as:  !

!

!

!

!

where     is the lat itude and     is the declinat ion of the sun.  !

!

T he corrected downward shor twave flux for a sloping surface is then computed as: !

!

I n this study, we consider two mid-lat itude regional domains in the N orthern hemisphere at  1km 

spat ial resolut ion (1) a 1600 km x 1200 km domain for the Colorado H eadwater Region (CH R) and 

(2) a 1200 km x 1000 km domain o ver A fghanistan. !

(1)! (2)!

T he model simulat ions are conducted using two 

versions of the N oah land surface model 

(versions (2.7.1 and 3.1), forced with 

meteorological data f rom N CEP Global D ata 

Assimilat ion Syst em (GDAS) and precipitat ion 

inputs f rom N OAA CPC’s M erged Analysis of 

Precipitat ion (CM AP product . T he global, high-

resolut ion (3o m) elevat ion data f rom the Shut t le 

Radar Topography M ission (SRT M ) is used t o 

derive the t opography datasets of elevat ion, 

slope and aspect  at  1km spat ial resolut ion. !

!

T he f ract ional snow cover ext ent  global 500m 

product  f rom the M OD I S inst r ument  is used as 

the reference data for evaluat ing snow cover 

simulat ions. !

T he snow cover simulat ions are evaluated using cat egorical measures, such as the probabilit y of 

detect ion of “yes” events (POD y), which measures the f ract ion of snow cover presence that  was 

correct ly simulat ed and false alarm rat io (FAR), which measures the f ract ion of no-snow events that  

was incorrect ly simulated.   !

T ime series of DeltaPODy (PODy(corrected) – PODy(uncorrected)) and DeltaFAR 

(FAR(uncorrected) – FAR(corrected)) of snow cover f rom the LSM  simulat ions compared 

against  M OD I S data. !

Afghanistan!

Colorado H eadwat er Region !

T he D elta met ric is 

general ly posit ive through 

the three-year simulat ion 

period, suggest ing that  the 

topographic correct ion t o 

shortwave radiat ion 

t ranslates to systemat ic 

improvements in snow 

cover simulat ions. T he 

observed improvement  

t rends are similar in both 

versions of N oah, which 

suggest  that  the 

improvements obtained 

through t opographic 

adjustments are retailed as 

added enhancements on t op 

of the newer physics in 

N oah 3.1.  !

T he intensity-scale approach of Casat i  et  al (2004) is used t o perform the 

scale decomposit ion of the snow cover improvement  fields for POD y and 

FAR. A two-dimensional H aar wavelet  decomposit ion is applied t o the 

error fields, which decomposes the 1km fields of D eltaPOD y and D eltaFAR 

to sum of components at  di fferent  spat ial scales (at  2, 4, 8, 16, up t o 1024 

km). T he mean squared error (M SE) of error fields is the sum of the M SE 

of di fferent  spat ial scale components.    !

!

T he percentage cont ribut ion of each spat ial scale t o the t otal improvement  

is computed as M SE(l)*100/M SE for l=1,2…., L with L being 9 (29 = 1024) 

and is shown below!

K umar, S.V., Peters-Lidard, C.D., M ocko, D., T ian, Y. (2013), “M ult iscale evaluat ion of the impro vements in surface snow simulat ion through t errain adjustments t o radiat ion”, Journal of H ydromet eorology, doi : 10.1175/JH M -D -12-046.1, in press. !

Afghanistan!

Colorado H eadwater Region !

M ost  of the improvements in POD y and FAR are provided by the fine scales 

and it  decreases rapidly at  coarser scales. Approximately 30% of the 

improvements in POD y and 50% of the improvements in FAR are a funct ion 

of the 1km scale alone. At  resolut ions coarser than 16 km, the percentage 

cont ribut ion drops t o below 10% for POD y.  For FAR, the cont ribut ion of 

the spat ial scale is largel y limited to 4km and finer. !

T he results of this study indicat e that  syst emat ic improvements in the 

snow fields are obser ved as a result  of the t opographic adjustments t o 

radiat ion. T he results indicat es that  the t errain-based correct ion of 

radiat ion leads t o systemat ic improvments in the snow cover est imat es 

(with roughl y 12% improvement  in POD y and 5% improvement  in FAR), 

with  larger improvements obser ved during the snow accumulat ion and 

melt  periods. T he scale decomposit ion anal ysis indicat es that  POD y 

improvements in snow cover simulat ion drop t o below 10 % at  scales 

coarser than 16 km whereas the FAR improvements are below 10 % at  

scales coarser than 4km. !

!

We grateful ly acknowledge the financial suppor t  f rom the US A ir Force 

Weather Agency (AFW A). Comput ing was suppor ted by the resources at  the 

N ASA Center for Climat e Simulat ion. !

!

APPROACH !

I N TROD UCTI ON! EX PERI M EN T AL SETUP!

EVALUATI ON  OF SN OW  COV ER SI M ULAT I ON S!

SCALE D ECOM POSI T I ON  AN ALY SI S!

SUM M ARY !

ACK N OW LED GEM EN TS!

Surface gauge analysis (OI) Topographical corrections

Machine learning/

Forward operator

LSM parameters

Radiative Transfer 

Models (CMEM)

Optimization and 

Uncertainty 

Estimation 

(GA, MCMC)

Machine Learning 

based forward 

operators

Recent Land Surface Characterization 

Data Assimilation Improvements*

*NASA-Goddard Contract Support
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Data Assimilation Focus Areas

 Primary focus areas for USAF are:

 Global capability

 Clouds

 Aerosols/Chemical Constituents

 Land Characterization

 Non-traditional Observations

 Numerical Weather Prediction, to include rapid refresh

 AFW desires to have a fully integrated DA/NWP system 

for Clouds, Aerosol & Chemical constituents Land 

Characterization, and Sensible Wx (mid 2020s)

 AFW has relied and will continue to rely on operational 

and research partners to pursue these focus areas as 

well as overall DA/NWP development
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Data Assimilation Objectives

 Model agnostic capability – as much as technically feasible; 

provide maximum flexibility

 Support/enable hourly cloud analysis & provide for 

assimilation of cloud (all-sky) parameters into NWP model

 Provide for the analysis & forecast of aerosols 

 Incorporate state-of-the-art Land Surface Characterization & 

Model 

 Enable a unified, coupled data assimilation

 As much as is feasible, actively participate in JCSDA-lead Joint 

Effort for Data assimilation Integration (JEDI) project
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Questions?

AFW…Supporting Joint Warfighters…24x7!


